Aim. The aim of this study was to compare resection and biopsy of glioblastoma (GBM) in eloquent brain areas (EBA). Methods. This was a prospective evaluation of 38 patients with GBM in EBA. 22 were treated by surgical resection and 16 by biopsy. Preoperative KPS, neurological status and size of lesion on MRI were assessed. One week and three months postoperatively KPS, neurological status and Performance Status (PS) WHO were evaluated. Extent of resection (EOR) and overall survival (OS) were described. Overall mean age of the patients was 64.3 years, the mean lesion size in the resection group was 47.7 mm and in the biopsy group 51.0 mm. Results. Worsening or development of permanent neurological deficits 3 months after surgery were significantly lower in the resection group (23%), than the biopsy group (94%). In the resection group the median pre and postoperative KPS three months after surgery was 80.0. In the biopsy group the median pre and postoperative KPS was 68.1 one week after the procedure. In the resection group, 3 months after surgery, the median PS was 1, in the biopsy group one week after surgery the median PS was 2. The difference was statistically insignificant. The mean OS after resection was 12.2 months, and after biopsy 3.5 months. The difference was highly statistically significant. The mean EOR was 90%. Conclusion. This is the first prospective study, to our knowledge, that compares the results of resection and biopsy of primary GBM in EBA. For patients in good clinical condition with tumors in or near EBA, recommended is as radical resection of GBM as possible.
IntroductIon
Patients with glioblastoma multiforme (GBM) have two initial surgical management options; biopsy or resection. Some situations demand surgical resection and in others, biopsy is the only choice. The goal of GBM surgery is to obtain tissue samples for histological diagnosis or achieve maximum extent of surgical resection (cytoreduction, reduction in mass) without causing new neurological deficits. Eloquent brain areas (EBA), resections in particular, are frequently terminated before total tumor removal to avoid this outcome. A retrospective analysis of Lacroix et al. combining 416 patients with newly diagnosed or recurrent GBM, concluded that more than 98% extent of resection (EOR) is necessary to prolong survival significantly 1 . In the modern era, this report serves as a critical reference for the neurosurgical community, justifying the "all-or-none" approach commonly practiced in the surgical management of GBM. This was the reason for indicating needle biopsy in cases that precluded radical tumor resection, especially in critical brain areas. It remains today, that there is no consensus on the treatment for tumors located in or near EBA, whether incomplete resection or only biopsy is indicated.
We carried out the following study to compare the outcome of resection and biopsy of GBM in EBA.
MaterIal and Methods
All patients who had undergone surgery (surgical resection or needle biopsy) for intracranial primary GBM in or near EBA from January 2007 to January 2009 were identified and prospectively assessed. Eloquent brain areas included dominant superior temporal, supramarginal and angular gyri (language cortex), dominant and nondominant precentral and postcentral gyri (primary motor/ sensory cortices), supplementary motor area and/or basal ganglia/internal capsule. The designation of the presumed motor and language eloquent areas was based on preoperative diagnostic anatomical Magnetic Resonance Imaging (MRI) in all cases. In cases of tumors not clearly localized in EBA, a functional MRI (f-MRI) was performed later (after 1-3 weeks). Patients with prior resections, tumors crossing the corpus callosum, and infratentorial gliomas were excluded. Those who were considered unfit to undergo surgical resection were also excluded.
The Karnofsky Performance Scale (KPS) index was used to classify the preoperative functional status. The preoperative neurological status was also evaluated. Size of lesion (the largest diameter based on T1-contrastweighted images on MRI) was recorded.
The decision to use surgical resection (resection group) versus needle biopsy (biopsy group) was determined subjectively by experienced neurosurgeons together with an oncologist (usually according patient status). Surgical resection of GBM was performed under general anesthesia as open craniotomy using operating microscopy, but without other supporting methods (navigation, intraoperative neuromonitoring etc.) in 22 patients. Needle biopsy was performed using CT-guided stereotaxy (Leksell Stereotactic System, Electa, Sweden) under local anesthesia in 16 patients. The pathology was determined by a neuropathologist in all cases and was based on the 2007 World Health Organization (WHO) criteria. The degree of resection was verified from the MRIs obtained 48 hours after surgical resection. Resection was considered as gross total resection (GTR) if no residual enhancement was noted on postoperative MRI (EOR more than 99%), near total resection (NTR) if only rim enhancement of resection cavity was found on postoperative MRI (EOR 95-99%), subtotal resection (STR) if residual nodular enhancement was detected on postoperative MRI (EOR 90-95%) and partial resection (PR) with EOR less than 90%. The patients in the biopsy group were controlled by CT only.
Evaluation of postoperative neurological status (motor deficit, language deficit or seizures) was done one week and three months after the procedure in the resection group and one week, and in the interval from one to three months in the biopsy group. KPS and PS (Performance Status) WHO were recorded one week (biopsy group) and three months (resection group) after surgery. PS WHO is described in Table 1 . Changes in KPS (difference between KPS before and after the procedure) in each group were statistically evaluated. PS WHO after surgery in both groups were statistically compared.
MRI and clinical follow-up were done every 3-6 months. For all patients in good clinical condition, the oncologist indicated concomitant chemo-radiotherapy (60 Gy at 2 Gy per dose and five doses a week, and temozolomid) followed by adjuvant chemotherapy (temozolomid). Radiotherapy was initiated within 3-4 weeks of surgery or biopsy.
We recorded the date of death and evaluated overall survival (OS) time (all evaluated patients expired).
statistical analysis
The Shapiro-Wilk test of normality was used to test whether the distribution of variables followed a gaussian pattern. Normally distributed data were described as means and standard deviation (SD) and compared with a t-test. Non-normally distributed data were described using medians and interquartile range (IQR) and compared with the Mann-Whitney U-test and Wilcoxon signed-rank test. Categorical data were analyzed with the Fisher's exact test. Statistical difference of survival between patients who underwent surgical resection and needle biopsy was compared by the log-rank test.
All tests were two-sided, and a P value of <0.05 was considered significant. The Confidence intervals (CIs) were calculated at the 95% level. All statistical analyses were conducted with SPSS (version. 15.0.1; SPSS Inc., Chicago, IL, USA) software.
study group
Altogether 38 patients were included in the study. There were 15 female and 23 male patients (resection group 8 female and 14 male patients, biopsy group 7 female and 9 male patients). There was no significant difference in gender ratio in the groups (Fisher's exact test,
P=0.743).
The overall mean age of patients was 64.3 years (SD 10.2) ranging from 43-89 years. In the resection group, the mean age was 62.5 years (SD 7.1), range 49-77 years. Patients treated by biopsy had a mean age of 66.9 years (SD 13.1), range 43-89 years. There was no significant difference in age between the two groups (Student t-test, P=0.239).
The mean lesion size in the resection group was 47.7 mm (SD 13.0) and in the biopsy group 51.0 mm (SD 11.9). The difference was not statistically significant (Student t-test, P=0.433).
The median preoperative KPS was 80 (IQR 70-82.5) in the resection group and 60 (IQR 52.5-87.5) in the biopsy treated group. We compared KPS using Mann-Whitney U-test and there was no statistically significant difference between the groups (P=0.057).
The groups were homogenous in terms of brain location (EBA), gender, age, size of lesion and clinical status (preoperative KPS) and were thus comparable (despite of almost significant preoperative KPS difference). F  90  90  1  2  50  yes  no  2  67  M  60  60  2  2  75  yes  no  3  86  F  50  50  3  1  71  no  no  4  60  M  50  50  3  4  65  yes  no  5  78  F  60  60  2  5  40  yes  no  6  57  F  70  70  2  2  46  yes  yes  7  55  M  60  60  2  4  64  yes  no  8  84  M  90  90  1  2  47  yes  no  9  89  M  80  80  2  5  37  no  no  10  58  M  90  90  1  4  48  yes  yes  11  68  F  50  50  3  1  39  no  no  12  68  F  40  40  2  1.5  46  no  no  13  59  F  60  60  2  4  37  no  no  14  61  M  80  80  2  2  55  yes  no  15  80  M  60  60  2  1  49  no  no  16  43  M  100  100  0  15.1  47  yes  yes Age: age at time of surgery or biopsy (years), Gen: gender (F-female/M-male), KPS preop: Karnofsky Performance Scale before procedure (0-100%), KPS postop: Karnofsky Performance Scale three months (surgery group) or one week (biopsy group) after procedure (0-100%), PS: Performance Status WHO (0-4), OS: overall survival time (months), Size: maximal size of tumor (mm), RTR: radiotherapy (yes/no), ChTR: chemotherapy (yes/no), EOR: extent of resection (GTR-gross total resection, NTR-near total resection, STR-subtotal resection, PR-partial resection).
results
(22 patients) and biopsy group (16 patients). EOR is only described in the resection group.
surgical complications
The procedure-related complication rate was 4.5% in the resection group and 0% in the biopsy group. There was one (1/22), postoperative intracerebral hematoma in the resection group which needed a re-operation.
neurological deterioration
In the resection group we diagnosed neurological motor deficit or aphasia before surgery in 14 patients (64%). Over one week after surgery, the neurological deficits disappeared in 4 patients, but new deficits developed in 3 patients (including one patient with postoperative hematoma). Three months after surgery, the neurological deficit had increased in 5 patients compared to before surgery (23%). Including one patient with postoperative pneumonia died 1 month after surgery.
In the biopsy group we diagnosed neurological motor deficit or aphasia before surgery in 11 patients (69%). Neurological deficits after biopsy developed slowly or had increased compare to before surgery over several weeks (1-3 months) in 15 cases (94%). Including 9 patients died in this period of 3 months.
Worsening or new development of the permanent neurological deficits three months after surgery were significantly lower in the resection group (23%), compared to the biopsy group (94%), (Fisher's exact test, P<0.0001).
KPs
In the resection group, the median preoperative KPS was 80.0 (IQR 70-82.5) and three months after surgery it was 80.0 (IQR 67.5-90.0). The difference was not statistically significant (Wilcoxon signed-rank test, P=0.459).
In the biopsy group, the median preoperative KPS and postoperative KPS (60.0, IQR 52.5-87.5) one week after procedure was unchanged.
Ps Who
In the resection group, three months after surgery, the median PS WHO was 1 (IQR 1-2) . In the biopsy group, one week after surgery, the median PS WHO was 2 (IQR 1.25-2). The difference was not statistically significant (Mann-Whitney U-test, P=0.154).
os
The mean overall survival time after resection was 12.2 months, 95% CI was 7.8-16.6 months. The mean overall survival time after biopsy was 3.5 months, 95% CI was 1.8-5.1 months (Fig. 1) .
The difference in OS time between tumor resection group and biopsy group was highly statistically significant (log rank test, P<0.0001).
eor
In the resection group we evaluated GTR in 3 patients, NTR in 6 patients, STR in 7 patients and PR in 6 patients. The mean EOR was 90%.
eor and os
In the resection group with EOR more than 95% (9 patients) the median OS time was 11.0 months (95% CI 9.6-12.4). In the resection group with EOR less than 95% (13 patients) the median OS time was 7.0 months (95% CI 2.6-11.4). The difference in the mean overall survival time between these subgroups was not statistically significant.
dIscussIon
GBM is the most frequent kind of brain tumor, accounting for approximately 12-15% of all intracranial neoplasms and 60-70% of astrocytic tumors. In most of Europe and North America, the incidence is in the range of 3-4 new cases per 100 000 population per year. GBM may manifest at any age, but preferentially affects adults, with a peak incidence between 45 and 75 years of age 2 . Standard treatment for GBM includes microsurgical resection followed by concomitant chemo-radiotherapy and then adjuvant chemotherapy. O 6 -Methylguanine-DNA methyltransferase (MGMT) is a repair protein that specifically removes promutagenic alkyl groups from the O 6 position of guanine in DNA, thereby protecting cells against alkylating agents. MGMT promoter methylation is frequently present in GBM (45-75%), and is associated with longer survival in GBM patients treated with temozolomide 2 .
Prognostic factors for patients with GBM include age, preoperative neurological function, EOR, and eloquent location 3 . These factors, especially age and eloquent location, typically dictate the aggressiveness of the treatment strategy. Beyond establishing the histological diagnosis fig. 1 . The comparison of OS between the resection and the biopsy groups. and decompressing tumor mass effect, the value of microsurgical resection of GBMs remains controversial 4 . A retrospective analysis of Lacroix et al. combining 416 patients with newly diagnosed and recurrent GBM concluded that more than 98% EOR is necessary to improve survival significantly 1 . This was the reason for indicating needle biopsy in cases of GTR preclusion, especially in EBA.
In recent years, with the advent of new surgical technologies (navigational systems, motor and language mapping, functional MRI including diffusion-tensor-imaging-based fiber tracking, intraoperative ultrasonography or MRI, intraoperative 5-ALA -mediated tumor fluorescence), there are new possibilities for achieving more extensive resection with the preservation of neurological function 5, 6 . Awake craniotomy (AC) is mainly reserved for resection of tumors affecting the functionally eloquent cortex in order to reduce the risks of deficits as well 7 . New analysis of Sanai et al. supports the value of microsurgical resection for newly diagnosed GBMs when at least 78% of the tumor volume can be resected. In cases in which this does not appear possible, tumor debulking remains the best option for alleviating symptoms due to mass effect and to establish a diagnosis. These data represent the largest reported volumetric outcome study for patients with newly diagnosed GBM, and suggest that EOR is a significant predictor of survival, even when a gross-total resection is not possible. For the 500 patients with GBM identified in Sanai et al., the median age was 60 years, and they presented with a median KPS score of 80. The median preoperative tumor volume was 65.8 cm 3 and most tumors (69%) occupied an eloquent territory. All patients underwent image-guided microsurgical resection followed by chemotherapy and radiation therapy. The median postoperative tumor volume was 2.3 cm 3 , which equated to a 96% median EOR. The median OS was 12.2 months. A significant survival advantage was seen with as little as 78% EOR, which was associated with a 12.5-month median survival, although the difference in median OS widened successively with higher EOR. An EOR more than 80% equated to a 12.8-month median survival, whereas an EOR more than 90% led to a 13.8-month median survival, and EOR of 100% carried a 16-month median survival 4 . Similarly in our study OS time was associated with the EOR. In the subgroup with EOR more than 95% the median OS was 11.0 months and in the subgroup with EOR less than 95% the median OS was only 7.0 months.
The most compelling evidence for EOR exists for low-grade gliomas and volumetric analyses have shown, that greater EOR suggest better OS, progression-free survival and malignant progression-free survival 8 . For highgrade gliomas the evidence is less consistent. Feigl et el. showed that GTR of GBM with 5-ALA in combination with monitoring could be achieved in 64% of the surgeries in eloquent areas 9 . Laws et al. compared the effect of surgery versus biopsy for patients (mean age 54 years) with malignant astrocytomas (GBM and anaplastic astrocytomas) and found that surgery was associated with longer survival than biopsy 10 . One prospective, randomized study does exist, comparing biopsy versus debulking for elderly patients (30 patients older than 65 years) with primary malignant glioma (grade III-IV). All the patients were referred to radiotherapy. The results indicated the survival benefit of resection (5.7 months) versus biopsy (2.8 months). Although, the study was unblinded and without adjuvant chemotherapy 11 . Chaichana et al. compared 133 and 72 consecutive patients aged 65 years and older who underwent surgery and needle biopsy for intracranial primary (de novo) GBM and were retrospectively reviewed. Patients who underwent resection had a median survival of 5.7 months compared with 4.0 months for patients who underwent needle biopsy. This study demonstrated that older patients tolerate aggressive surgery without increased surgery-related morbidity and have longer survival than similar patients undergoing needle biopsy 3 . Not only OS but also time of deterioration and quality of life are important outcome measures if we discuss fatal disease. Vuorinen et al. suggested that there was 2.8 times higher risk for deterioration after biopsy than after craniotomy and resection 11 . Pereira et al. used AC and somato-sensory evoked potentials (SSEPs). They reported postsurgical recovery of previous motor deficits in 75% of patients, while motor deficits worsened in 9% of cases. In other reports the incidence of permanent deficits ranged from 0 to 16.9% after AC in EBA (ref. 12 ). Our report is the first prospective study, to our knowledge, that compares the results of resection and biopsy of primary GBM in EBA. The both groups were comparable, except less frequency of postoperative chemo-radiotherapy in the biopsy group compare to the resection group.
Accurate localization of eloquent cortex enables optimal neurosurgical tumor resection and minimizes post-operative neurological deficits. F-MRI is a non-invasive technique for examining brain function that utilizes changes in blood oxygenation to identify areas of increased or decreased neuronal activity. However, there are limitations because pre-operative localization is only as good as the patient´s ability to perform the task or function one is attempting to localize 13 . Gonzáles et al. found that despite preoperative planning for multimodal navigation, motor f-MRI and subcortical pathways generated by diffusion tensor imaging (DTI) of intrinsic brain tumors located in motor eloquent areas and intraoperative neuromonitorization, the mean volumetric resection was 89%. Preoperatively a total of 58.8% of patients had some motor deficit, increasing 24 h after surgery to 76.5% and decreasing to 41% a month later 14 . Patients with GBM and mild sensorimotor deficits had significantly less activation of the motor and sensory cortices on the side with the tumor than on the contralateral side on blood oxygen level-dependend (BOLD) f-MRI. This difference, which may be due to pressure effect or loss of vascular autoregulation, should be considered in preoperative planning in which BOLD f-MRI is used to identify eloquent cortices to be avoided during brain tumor surgery 15 . If the technology of preoperative f-MRI is applied indiscriminately to guide resection, especially in areas directly adjacent to areas of activation or within the motor gyrus itself, it may lead to resection of cortex that has lost the ability to be detected by BOLD f-MRI but that is still functioning 12 ! This means that the limitation of these and all similar studies is identification of EBA. Brain anatomy, especially the gyrus topography, is characterized by a high interindividual variability, which implies insufficient prediction of functionality based on anatomical criteria. This is one reason for f-MRI for identification of motor and language EBA, but even this method is not completely reliable as mentioned above. More, the brain areas directly adjacent to the M1 and/or M2 segments of the middle cerebral artery have not traditionally been considered eloquent brain regions. From a surgical point of view, however, injury to these vessels can result in damage to the eloquent brain regions they supply 16 . In our study, using quality of life and OS as criteria we found that there were clear advantages to resection of GBM over biopsy. For patients in good clinical condition and with tumors in or near EBA, recommended is resection of GBM with efforts to maximize EOR, despite the difference between the subgroups (less or more 95% EOR) was not statistically significant in our study. Surgical resection in eloquent areas, besides prolonged survival and better quality of life, may also provide additional benefits beyond needle biopsy, including improved efficacy of radiotherapy and chemotherapy and less corticosteroid medication.
conclusIon
The mean extent of resection of GBM in eloquent brain areas was 90%.
Worsening or new development of the permanent neurological deficits three months after surgery were significantly lower in the resection group (23%), compared to the biopsy group (94%).
The difference in overall survival time between tumor resection group (12.2 months) and biopsy group (3.5 months) was statistically significant.
For patients in good clinical condition and for tumors in or near eloquent brain areas resection of GBM, as radical as possible is recommended. 
